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Abstract 
 
This thesis focuses on the exploitation of ground-based radar images to detect icebergs. 
Additional remote sensing data from space-borne Synthetic Aperture Radar (SAR), Unmanned 
Aerial Vehicle (UAV) and in-situ boat tracks has been used to compare and validate the results. 
The investigation site is located in Kongsfjorden (Svalbard) and the combined data acquisition 
took place during a two-week campaign in April 2018. Five tidewater glaciers terminate in 
Kongsfjorden and produce a large number of icebergs of different sizes and shapes. The 
ground-based radar had an elevated position in Ny-Ålesund to overview a several kilometer-
wide section of the fjord. The ground-based radar used during the campaign is the GAMMA 
Portable Radar Interferometer (GPRI). The 5 min temporal resolution of the dataset allows one 
to make comparisons with the above mentioned auxiliary remote sensing data. The software 
Python was used to process the GPRI data.  
 
Firstly, the GPRI images were pre-processed to account for the decreasing performance in 
range resolution. Secondly, an area of interest located between Ny-Ålesund and 
Blomstrandhalvøya was chosen. Hereby, it is important to focus only on the sea region and to 
leave out lagoons and other coastal lines. The area of interest covers approximately 2 km long 
region with only water and icebergs passing by while leaving Kongsfjorden. Thirdly, a 
threshold was applied to the GPRI images in order to separate potential icebergs from the sea 
background. Analysing histograms of both iceberg and sea background is important to find the 
appropriate threshold. This makes sure to include as many true positive as possible. In general, 
we can choose between two threshold modes, namely the automated and the manual threshold 
methods. The automated threshold method relies on the 99.93th percentile and shows the best 
compromise between all GPRI images. The automated threshold method is efficient and 
preferably used for big amounts of data and small time slots, because one loses small icebergs 
or detect false alarms. Therefore, it is more effective to decide on the manual threshold method. 
It is time-consuming, but one can more easily distinguish between iceberg and sea background 
by adjusting the threshold manually. Fourthly, in order to document important parameters based 
on GPRI images, we extract the count, size and position of every detected iceberg. Finally, the 
resulting GPRI images can be georeferenced and compared with auxiliary data. The software 
QGIS is a useful tool to compare the GPRI image products with satellite SAR images, drone 
images and boat tracks. After evaluating the GPRI images with auxiliary data, it turned out that 
the number of detected icebergs can be increased by choosing the manual threshold method, 
since the positive alarms are the majority in comparison to false alarms.  
 
For the future, the automated version could be improved by applying an advanced target 
detection, which is already used in synthetic aperture radar imagery. The developed algorithm 
for iceberg detection could be further developed to track. The GPRI’s temporal resolution of 5 
min is predestined for such a tracking system, because it is easier to separate different icebergs 
within a shorter time frame. The potential value of the results can not be overseen in terms of 
climate research. In the future, scientists can build upon the findings to determine the mass 
balance of tidewater glaciers by observing how much calved ice is leaving the fjord system. In 
addition, the ground-based radar is showing a high potential in detecting icebergs, even if those 
are rather small. This could provide new insights on the distribution, volumetry and motion of 
icebergs, valuable for documenting oceanic currents. 
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1 Introduction 
 
This thesis is about detection of icebergs using GAMMA Portable Radar Interferometer (GPRI) 
images. In this chapter we present the motivation and the structure of the thesis. 
 
1.1 Motivation 
 
The Arctic and Antarctica regions, in particular where ocean and coastal areas interact, mark 
an important interface of various processes. Here, Cryosphere, Hydrosphere and Biosphere are 
forming a complex mesh of interactions that can affect every human being in the long term. On 
the one hand, the rapidly changing climate is strongly influencing the Arctic regions. On the 
other hand, that Arctic transformation is going to influence the ecosystem of the rest of the 
Earth. In general, increasing warmth is abetting the melting of glaciers. The glacier mass loss 
from calving may increase and thus it may have an impact on the freshwater flux. It is of high 
importance that we focus on investigating these floating bits and the consequences for the 
ecosystem [1][2][3]. 
 
Icebergs and growlers are a risk to ships and offshore structures alike in the high Arctic. Fishing 
industry, oil and gas companies, transport infrastructure and the tourism branch are immediate 
affected by the changing climate. It would be beneficial to make conclusions about the 
dynamics of icebergs and the total mass of ice the fjord contributes to the Arctic sea, which is 
only possible with long and continuous observations. In future studies, these new insights might 
be key information to develop more precise models related to the climate. Even in immediate 
time frames, the ground-based radar system could be used as an early-warning system to inform 
nearby vessels of potential threats – namely floating icebergs. It also underlines the need of an 
automatic iceberg detection system, which could be provided with the help of the GPRI system. 
In Kongsfjorden, the five tidewater glaciers, Blomstrandbreen, Conwaybreen, Kongsbreen, 
Kronebreen and Kongsvegen, are calving the icebergs. To estimate the number of calved 
icebergs flowing out of the fjord system is a potential contribution to quantify the calving 
component of the glacier mass loss. Moreover, the thesis could be seen as contribution to 
modeling of oceanic currents, and prediction of positions to mitigate the risk for shipping 
[4][5]. 
 
Using different remote sensing techniques has several benefits. Not only can we show their 
capabilities in detecting icebergs but also make a conclusion about choosing the best possible 
observation technique in the future considering key data properties (e.g. spatial/temporal 
resolution and coverage). This thesis concentrates on analyzing the GPRI’s capabilities in 
detecting icebergs in Kongsfjorden. The method and results may be helpful for further 
investigations and applications in oceanography and glaciology in Svalbard, or in similar arctic 
regions of the Earth. 
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1.2 Objectives 
 
The main priority of this work is to evaluate the GPRI’s capability in detecting icebergs. A 
threshold has to be applied to the GPRI images in order to separate potential icebergs from the 
sea. The results of the iceberg detector are compared with auxiliary remote sensing data. We 
evaluate the iceberg detection performance based on GPRI images with satellite Synthetic 
Aperture Radar (SAR) images, Unmanned Aerial Vehicle (UAV) imagery and in-situ boat 
tracks encircling icebergs (figure 1).  
 
It makes it possible to make conclusions about the sensitivity, detection benefits and limits of 
ground-based radar systems. In addition to the GPRI data, satellite data from RADARSAT-2 
and Sentinel-1, UAV images, and boat track information from the Norwegian Polar Institute 
(NPI) have been used for validation. 
 
 
Figure 1: Overview for GPRI data validation with the help of auxiliary data. 
 
After analyzing the GPRI’s detection effectiveness, my secondary objective is to gain more 
information about the detected icebergs. Not only am I interested in the iceberg position, but 
also I want to know the iceberg parameters count and size. In particular, that should give 
potential information regarding the ice mass balance in Kongsfjorden. 
 
The following research questions are dedicated to my objectives and shall be answered in the 
concluding part of this thesis. 
 
1. Is it possible to identify icebergs in Kongsfjorden based on the backscatter intensity of GPRI 
images? 
 
2. Which threshold technique is the most adapted to the detection of icebergs based on GPRI 
images? 
 
3. Compared to complementary remote sensing and in-situ data, can we evaluate the quality of 
the results and identify false positives/negatives? 
 
4. What information, for example count, size or shape of icebergs, can we gain from the GPRI 
images? 
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1.3 Related Work 
 
1.3.1 Icebergs and Growlers 
 
The melting season in Kongsfjorden usually starts in June, but warm spells with more than 0 
degree Celsius in the spring are not unusual. Kongsfjorden has seasonal fast ice in its inner 
part. The ice thickness was varying from 0.9 m (1999) to 0.71 m (2005) with its maximum in 
2004. The snow layer is on average 0.225 m thick. In addition, the five tidewater glaciers 
terminating in Kongsfjorden produce calved icebergs floating out of the fjord (figure 2). In 
general, up to 40% of the calved icebergs floating out of Kongsfjorden have a width of less 
than 0.5 m. In contrast, only less than 10% are more than 5 m wide. The maximum width 
observed was 30 m, but such a case is extremely rare. Even more than 20 m width for icebergs 
can be seen as outlier. When it comes to the freeboard, we can see that up to 80% of the icebergs 
have a freeboard smaller than 0.5 m. Around 15% of the icebergs have a freeboard higher than 
1 m. Outliers are up to 6 m in height. It can be concluded that the size distribution is not 
constant. Apparently, it exists a temporal variation in the distribution of freeboard sizes. 
Floating icebergs and growlers are the priority targets for the detection based on radar images, 
but we need to be aware that seasonal fast ice might also get detected [4][6][7][8]. 
 
 
Figure 2: Floating iceberg in Kongsfjorden (photo taken by Sebastian Gerland April 2018). 
 
1.3.2 Remote Sensing of Icebergs 
 
There has been a numerous amount of remote sensing techniques that can be applied to specific 
areas of the Cryosphere, like for iceberg detection in the Arctic and Antarctic regions. A 
significant number of them were using microwave and optical sensors mounted on space- and 
air-borne vehicles, for example, satellite SAR and cameras on UAV respectively. Radars have 
the advantage of being used during day and night, and during any kind of weather condition, 
because they are operating in the Microwave domain. The radar antenna is an active sensor that 
does not need any other light source, for example the Sun. Furthermore, the electromagnetic 
waves with Microwave frequencies are capable of penetrating clouds. For SAR remote sensing, 
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it is important to take the backscatter signal into account. Before receiving any backscatter, the 
antenna sends out electromagnetic waves. The backscatter signal is the signal received by the 
antenna when the electromagnetic waves are traveling back. In general, we distinguish between 
three types of reflection for backscatter signals when we use the GPRI in Kongsfjorden (figure 
3). Specular reflections occur when the electromagnetic waves are hitting the sea surface and 
scatter away from the radar, which is why the GPRI will not receive any signal in return. 
Diffuse signals are happening when strong sea disturbance occurs, which means that the rough 
sea surface can reflect some of the electromagnetic waves back to the radar. The GPRI antenna 
can also receive corner reflections coming from an iceberg in Kongsfjorden. In detail, the 
backscatter signal and its intensity depend on four main properties: 1) different sizes, shapes 
and overall structures of the icebergs; 2) the surrounding geophysical properties, for example 
sea surface properties (roughness and temperature); 3) the sensor properties, for example 
incidence angle, frequency and polarization; 4) the backscatter coming from nearby targets (for 
example interferences from buildings) which are not sea or icebergs can influence the 
measurements. That is why the iceberg detector focuses preferably on an area of interest 
without lagoon or coast line that can influence the backscatter intensity. Optical sensors, for 
example RGB cameras, are passive instruments, which means that they need a secondary light 
source to receive electromagnetic waves in the optical domain (figure 4). Hence, we can only 
use optical sensors during day time. Satellites with optical sensors cannot take useful images 
on cloudy days. In comparison, drones are flying at lower altitude and can operate independent 
from cloud coverage. The most challenging part is to collect the various remote sensing data at 
the exact time [9][10][11]. 
 
 
Figure 3: Three reflection types for GPRI backscatter signals in Kongsfjorden. 
 
 
Figure 4: Working principle of passive Earth Observation sensors. 
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1.3.3 Ground-based Radar for Iceberg Detection 
 
In general, the number of projects using terrestrial radar for iceberg detection or even tracking 
is relatively sparse. As previously mentioned, the majority of the remote sensing missions 
observing growlers are based on satellite and drone observations. As an example, for ground-
based radar systems, D. Voytenko has been using a GPRI for iceberg detection. From the 
iceberg positions, he could derive the surface currents within a fjord in southeastern Iceland 
[12][13]. 
 
In this paragraph, I want to show D. Voytenko’s example on how he used the GPRI data. His 
observation took place in Jökulsárlón, which is a proglacial lagoon in Iceland’s southeast. The 
campaign took place in August 2012 for 43.5 h and the GPRI’s temporal resolution was 2 min. 
The basic idea of D. Voytenko’s approach is to take images of the backscattered signals and 
extract out the position of as many icebergs as possible. On the one hand, since the ground-
based radar has a low elevation angle and is looking at the fjord, the transmitted signals are 
reflected by all objects floating in the fjord. On the other hand, the flat-water surface makes 
sure that incoming radar waves get scattered away from the radar. Therefore, the icebergs are 
highlighted as strong backscatter in the images. That makes it easy to distinguish between 
floating bits and water. All the GPRI images have to be converted into maps of certain spacing 
before starting the processing. The pre-processing of each radar image involves two main steps. 
Firstly, masking out the lagoon boundary and anything beyond is crucial, because the area of 
interest is the sea and it simplifies the detection algorithm. Secondly, in order to minimize the 
unavoidable noise (which is taken as a basis to all radar data), D. Voytenko uses a combination 
of several Gaussian blurs and thresholds. The resulting maps are a stack of binary images 
containing the detected growlers (value 1) and the sea (value 2). Some very small icebergs 
might be lost due to the noise reduction. Due to the natural current within the fjord, the icebergs 
are in motion. Hence, no image will be the same as its predecessor and successor. The detection 
algorithm labels every object visible in the first image of the stack and calculates their centroid 
positions. The centroid positions correspond to the x and y coordinates found in the two-
dimensional image. Furthermore, the algorithm compares all the centroid positions with the 
new ones of the following image. Based on a specified distance, the detector labels a nearby 
object as the same object from the previous image, or it finds a new object. The idea is to track 
the object positions in time by using the nearest-neighbor method and create velocity maps to 
observe the currents within the fjord. The iceberg detection approach is a promising method 
which can be applied to other GPRI data [12][13]. 
 
1.4 Thesis Contents 
 
Chapter 1 focuses on the project’s motivation, objectives, and its overall scientific background 
for remote sensing of icebergs with the help of ground-based radar, satellite SAR and drone 
instrumentation. Chapter 2 introduces the study area in Kongsfjorden and discusses the above-
mentioned datasets, including provided in-situ data. Chapter 3 presents the method for 
detection of icebergs based on GPRI data. Chapter 4 presents the results of the detection and 
the validation with auxiliary remote sensing data. Chapter 5 discusses the success of the 
processing chain and the potential for future work. Chapter 6 concludes this thesis.  
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2 Study Area and Dataset 
 
2.1 Kongsfjorden Study Area 
 
The GPRI instrument has been used for the data acquisition in Kongsfjorden, a fjord in the 
western part of Svalbard (figure 5). Kongsfjorden is approx. 25 km long and up to 10 km wide. 
Located on Spitsbergen’s western coast, the most important landmarks are the island 
Blomstrandhalvøya and five tidewater glaciers. These glaciers, namely Blomstrandbreen, 
Conwaybreen, Kongsbreen, Kronebreen and Kongsvegen, are producing the icebergs floating 
in Kongsfjorden. Therefore, Kongsfjorden serves as a big laboratory for a broad range of 
research disciplines concerning the Arctic ecosystem. The majority of icebergs and fast sea-ice 
is leaving the fjord between Ny-Ålesund and Blomstrandhalvøya. The GPRI is facing the fjord 
and its spatial coverage includes the section between both locations. Normally, Kongsfjorden 
becomes fast-ice-free during the summer season around July. We can expect for Kongsfjorden 
to contain icebergs and fast-ice during the April campaign [3][7][14]. 
  
The coordinates of the GPRI are 78°56’45” N and 11°52’29” E in Ny-Ålesund and close to the 
shore. It was located on the roof of an abandoned mining factory at 57 m above sea level (figure 
6). Hereby, it is very important to take the natural variability of the backscatter signal into 
account. This variability is happening due to the changing incidence angle when the GPRI is 
located several meters above sea level. The backscattered signal is changing in intensity 
because the ground-based radar is looking upon the fjord from a higher position, namely the 
roof of an old mining building. When we look at such acquisition geometry, there will be 
additional factors caused by environmental physics that influence the backscatter profile. In 
particular, random wave patterns, wind and surface currents can cause issues when processing 
the GPRI images. In addition, interferences from other infrastructure in Ny-Ålesund can occur. 
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Figure 5: Map of Kongsfjorden in Svalbard (provided by Norwegian Polar Institute https://toposvalbard.npolar.no/). The 
GPRI was located in Ny-Ålesund and looking at Kongsfjorden. 
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The GPRI’s recording time from February to October 2018 allowed to acquire a large amount 
of data. The campaign was led by the Earth Observation group of the Norwegian Research 
Centre NORCE, which is localized in Tromsø. Senior Researcher Dr. Tom Rune Lauknes and 
Researcher Line Rouyet have been responsible for the set-up and inspection of the GPRI 
throughout the campaign. Originally, the ground-based radar was developed and built by the 
GAMMA Remote Sensing AG which is a Swiss company (Aktiengesellschaft – AG). The 
GPRI was bought and is owned by NORCE. In order to protect the radar equipment, a 
weatherproof radome was enclosing the GPRI on the roof of an abandoned mining building in 
Ny-Ålesund (figure 7).  
 
 
Figure 6: The GPRI’s location (red circle) on the roof of an abandoned mining building in Ny-Ålesund (photo taken by Line 
Rouyet 26.04.2018). 
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Figure 7: The radome protecting the GPRI facing Kongsfjorden in Ny-Ålesund (photo taken by Line Rouyet 25.04.2018). 
 
2.2 GPRI 
 
The overall GPRI campaign has been conducted in Kongsfjorden from February to October 
2018, but I am focusing on the April 2018 part and its joint operations. The temporal resolution 
of the GPRI during the rest of the acquisition period is 15 min. The 5 min temporal resolution 
and the complementary data in April 2018 is perfect for the evaluation of the iceberg detector. 
The Single Looking Complex (.slc) files are the GPRI products that serve as input for the 
iceberg detection algorithm.  
We know from different projects that the GPRI is popular to detect and measure surface 
displacements, for example in mountainous areas based on the phase component [15]. 
However, the iceberg detector is based on the work of the amplitude component of the .slc 
images. The GPRI which acquired the raw data is using real-aperture antennas. In detail, one 
antenna is transmitting and the two remaining antennas are receiving microwave radiation 
(figure 8). The reason why the antenna system rotates in azimuth direction is to build up the 
images line by line. Basically, the radar system is operating at 17.2 GHz, which belongs to the 
Ku-band domain. The GPRI’s most important parameters relevant to this thesis are presented 
in Table 1 [16]. 
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Figure 8: GPRI system without radome (photo taken by Line Rouyet). 
 
Table 1: GPRI data properties. 
GPRI data properties  
Acquisition period 16.04. – 26.04.2018 
Data type Single Look Complex (.slc) image 
Size of imaged area approx. 154 km2 
View angle 170° 
Frequency / wavelength 17.2 GHz / 0.017 m 
Temporal resolution 5 min 
Spatial resolution in range: constant 0.75 m  
in azimuth: linear decrease with distance 
➔ approx. 7 m at 1 km 
➔ approx. 14 m at 2 km etc. 
 
During the two-week campaign from 16.04. to 26.04.2018, the GPRI was acquiring data every 
five minutes. Due to its high temporal resolution, it can give valuable information on the 
iceberg positions, and provide statistics about their number and size. The azimuth spatial 
resolution becomes worse linearly with increasing range, for example it is about 21 m at 3 km 
(figure 9). The decreasing spatial resolution is further illustrated in figure 10, for example an 
iceberg would appear larger at range 2 in comparison to another iceberg at range 1 [17][18]. 
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Figure 9: Pixel geometry. 
 
 
Figure 10: GPRI geometry set up. 
 
2.3 Satellite SAR 
 
Synthetic Aperture Radar (SAR) is a widely used sensor on board of Earth Observation 
satellites. As the name suggests, its remote sensing instrument of choice is the radar operating 
in the Microwave domain. In comparison to a real aperture antenna, the SAR satellite creates 
its own long antenna synthetically while flying over the area of interest. Basically, the longer 
the antenna, the finer is the resolution of the resulting image. Hereby, SAR satellites play an 
important role in observing the Earth with a high resolution [19]. 
 
SAR satellite systems have several advantages over most of the optical passive instruments. 
Where optical passive instruments are limited to day time and the weather, radar instruments 
can operate no matter what time it is and the condition on the ground. SAR is sending actively 
microwave radiation down to the Earth’s surface and collects all backscattered signals coming 
back to the antenna. This active mode of transmitting and receiving microwave radiation of a 
certain wavelength makes the SAR satellite independent of Sun illumination. Furthermore, the 
electromagnetic waves in the microwave domain can penetrate clouds, which often is a limiting 
factor for passive instruments like optical cameras mounted on satellites. If we look at 
terrestrial radars, we see that space-borne SAR satellites are not limited to only one area of 
interest. Basically, every SAR satellite covers almost the entire Earth, where ground-based 
radars cannot cover large areas within minutes. We can see that flying and stationary radars 
serve different purposes. The SAR satellite covers large areas for the cost of low temporal 
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resolution, because the satellite needs several days to come back to the same location it is 
interested in, whereas the ground-based radar can investigate its area of interest continuously 
with a high resolution. Usually, one more major drawback of the SAR satellite is its lower 
resolution in comparison to terrestrial systems in the near-range. In the far-range, the GPRI has 
a poor resolution of for example approx. 70 m at 10 km [20].    
 
Two well-known SAR satellite programmes are Sentinel-1 and Radarsat-2. Sentinel-1 belongs 
to the Copernicus programme of the European Space Agency (ESA) and Radarsat-2 is a 
Canadian Space Agency mission. Both, Sentinel-1 satellites and Radarsat-2 have an operational 
frequency of 5.405 GHz, which is the C-band domain. Radarsat-2 needs 24 days to pass over 
the same area of interest again. Since the Sentinel-1 mission involves two satellites, namely 
Sentinel-1A and Sentinel-1B, it has a shorter repeat cycle. Usually, one satellite alone needs 12 
days, but Sentinel-1A and Sentinel-1B share the same orbit 180° apart. This results in a repeat 
interval of 6 days. Figure 11 shows the different operation modes that are used by ESA’s 
Sentinel-1 satellites. Radarsat-2 is using similar acquisition modes. The following overview 
focuses on the main differences of both satellite SAR systems (table 2). Sentinel-1 used 
Interferometric Wide Swath (IWS) and Extra Wide Swath (EWS), and Radarsat-2 used Fine 
Quad-Pol [21]. 
 
Table 2: Satellite SAR properties. 
 Sentinel-1 Radarsat-2 
Operation mode(s) IWS / EWS Fine Quad-Pol 
Spatial resolution (rg x az) ~ 5x20 m / ~ 20x40 m ~ 11x9 m 
Revisit time  
(temporal resolution) 
12 (6) days 24 days 
Polarization Dual-polarimetric Quad-polarimetric 
Data products .slc .slc 
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Figure 11: Acquisition modes used by ESA's Sentinel 1 satellite (image taken from https://sentinel.esa.int/web/sentinel/user-
guides/sentinel-1-sar/acquisition-modes). 
 
2.4 UAV 
 
The Drone flights were prepared, coordinated and executed by the Drone Technology group at 
NORCE, Tromsø. The drone is called CryoWing Scout UAV and has a cruise speed of 22 m/s 
(figure 12). Included in the 11 kg takeoff weight, it has the FLIR PtGrey Chameleon 2, which 
is an RGB camera with 5 Mpix and a focal length of 12.5 mm. The camera offers a sufficient 
quality to evaluate the optical images in terms of iceberg detection [22]. 
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Figure 12: The CryoWing Scout UAV located in Ny-Ålesund (photo taken by Agnar H. Sivertsen April 2018). 
 
Every user can browse on the platform http://nlive.norut.no/nlive/#guest=1 called Norut Live 
Map (NLive) web service, operated by the Drone Technology group at NORCE. The example 
image shows an optical image taken by the camera mounted on the drone (figure 13). The drone 
was located near the lagoon of Blomstrandhalvøya and could take an image of an iceberg. 
Anyhow, the large georeferenced drone data set makes it possible to find iceberg images in 
order to validate the GPRI images (figure 14).   
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Figure 13: NLive web service example image from 20.04.2018 at 15:54:43 UTC. 
 
 
Figure 14: The NLive Image Annotation Editor allows the user to find the location of each iceberg. 
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2.5 In-situ measurements 
 
The in-situ measurement campaign in April 2018 was conducted by the Norwegian Polar 
Institute (NPI). It consists of many different measurements focusing on characterizing the sea 
ice and the icebergs. For the evaluation of the GPRI’s iceberg detection capabilities, the GPS 
boat tracks are of particular interest. During the NPI boat trips into Kongsfjorden, the boat was 
surrounding floating icebergs. Figure 15 shows an example of an iceberg circumnavigated by 
NPI. It is possible to validate some of the detected icebergs with the GPS data the NPI boat 
was taking. In addition to the tracks, the NPI researchers were taking pictures of every encircled 
iceberg, which is helpful to illustrate how the icebergs looked like on the field. The boat tracks 
can be mapped in QGIS (figure 16). 
 
 
Figure 15: Circumnavigated iceberg (photo taken by Sebastian Gerland April 2018). 
 
 
Figure 16: NPI boat track within the GPRI backscatter image. 
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3 Methodology  
 
3.1 Detection of Icebergs 
 
The following detection mechanism for all the GPRI images is created with the help of the 
programming language Python. Further, the coding part can be found in the appendix of this 
contribution. Furthermore, I added comment lines to make the code easier to understand.    
 
The following overview shows the idea of how to detect icebergs with the help of the GPRI 
and auxiliary data (figure 17). Firstly, the GPRI image has to be read in order to enable the 
further processing. Secondly, the GPRI image has to be corrected for the variability of the 
backscatter signal in range direction. Thirdly, after the preprocessing, the GPRI image can be 
processed. Fourthly, we can visualize our results by georeferencing the GPRI backscatter 
image. Fifthly, we extract the iceberg parameters position, count and size of all detected 
icebergs from the GPRI image. Finally, we are using auxiliary data, for example satellite SAR 
images, to validate the georeferenced GPRI image.  
 
 
 
Figure 17: Detection of icebergs overview. 
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Figure 18: Processing chain in detail. 
 
The main processing chain is illustrated in figure 18. We are using one example GPRI 
backscatter image to present the processing steps. The GPRI backscatter image was acquired 
on the 24th of April 2018 at 15:50:01 UTC. 
 
3.2 Processing Steps 
 
In step 1, we read the backscatter intensity component of the SLC images (figure 19). The 
GPRI backscatter image is shown in radar geometry, which contains azimuth and range 
direction. Figure 20 is focusing on the area of interest in the GPRI backscatter image. In order 
to make it easier to understand, we can plot the GPRI backscatter intensity image in a polar 
coordinate system (figure 21). We can also zoom to the area of interest in polar coordinates of 
our GPRI backscatter intensity image (figure 22). Figure 19 and 21 make a trend in range 
direction visible. The backscatter intensity values in the GPRI image are changing with 
increasing range due to change of incidence angle. In order to extract the variability of the 
backscatter intensity in range direction, we have to detrend the GPRI backscatter image. If a 
threshold is applied to the unprocessed GPRI backscatter intensity image, we would have 
decreasing detection performance with increasing range. This can cause uncertainties, for 
example in choosing an optimal threshold to separate potential icebergs from the background. 
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Figure 19: GPRI backscatter image in radar geometry without processing (from 24.04.2018 15:50:01). 
 
 
Figure 20: GPRI backscatter image at area of interest in radar geometry without processing (from 24.04.2018 15:50:01). 
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Figure 21: GPRI backscatter image in polar coordinates without processing (from 24.04.2018 15:50:01). 
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Figure 22: GPRI backscatter image at area of interest in polar coordinates without processing (from 24.04.2018 15:50:01). 
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In step 2, we remove the variation in backscatter intensity in range direction in the GPRI 
backscatter image. We average the backscatter intensity for azimuth lines 10 to 60 to form one 
line in range for all GPRI backscatter images with a temporal resolution of 5 min (figure 23). 
In detail, we store range times and the corresponding backscatter correction value for those 
range times in a .npz file. With the compressed array format of the .npz file, we apply the range 
correction to all GPRI backscatter images.  
 
 
 
Figure 23: Detrending processing overview. 
 
After the correction of the varying backscatter intensity for all GPRI backscatter images, we 
can see that the previous backscatter noise floor is diminished (figure 24). Figure 25 is focusing 
on the area of interest in the corrected GPRI backscatter image. Now, potential iceberg targets 
and the lagoons in Kongsfjorden are better visible with the even background. From here, it is 
much more meaningful to work with a threshold dedicated to separate potential iceberg targets 
from the sea. Both, figure 26 and 27, show the corrected GPRI backscatter image in polar 
coordinate projections. 
 
 
Figure 24: GPRI backscatter image corrected in range direction in radar geometry (from 24.04.2018 15:50:01). 
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Figure 25: GPRI backscatter image corrected in range direction at area of interest in radar geometry (from 24.04.2018 
15:50:01). 
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Figure 26: GPRI backscatter image corrected in range in polar coordinates (from 24.04.2018 15:50:01). 
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Figure 27: GPRI backscatter image corrected in range at area of interest in polar coordinates (from 24.04.2018 15:50:01). 
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In step 3 of the main processing chain, we select the area of interest. The GPRI can overlook 
the entire fjord from its position, but the chosen area of interest is the sea between Ny-Ålesund 
and Blomstrandhalvøya (figure 28). This accounts for approximately 4.1 km in distance. Solid 
grounds like for example coastlines and lagoons at both locations will not be taken into account. 
The focus on only sea surface is beneficial for finding a proper threshold that separates potential 
iceberg pixels from the background. In addition, the overall processing time is shorter and less 
processing performance is needed. Our chosen area of interest covers the route that most 
icebergs and fast-sea-ice are taking to reach the Arctic sea [14]. We can already recognize many 
potential iceberg targets in the GPRI backscatter image (figure 29). 
 
 
Figure 28: Map of Kongsfjorden in Svalbard including the area of interest (map provided by Norwegian Polar Institute 
https://toposvalbard.npolar.no/). 
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Figure 29: Area of interest within corrected GPRI backscatter image in radar geometry (from 24.04.2018 15:50:01). 
  
 37 
 
Step 4 accounts for the pixel distribution within the chosen area of interest (figure 30). The 
histogram’s pixel distribution has a Gaussian shape with most backscatter intensity values 
around -1.2. We can clearly say that the majority of pixels belong to the background. As a 
matter of fact, the histogram shows no clear distinction between potential iceberg pixels and 
background due to the low iceberg pixel count.  
 
 
Figure 30: Histogram showing pixel count over backscatter intensity values within the area of interest (from 24.04.2018 
15:50:01). 
 
In step 5, we test different thresholds that separate the suspected iceberg targets from the sea 
in our GPRI backscatter images. There are two methods that can be applied to set the threshold 
in every GPRI backscatter image: The manual and the automated detection method.  
Firstly, we discuss the manual detection method. In the manual detection method, we adjust 
the threshold for every GPRI backscatter image separately, which means that we are constantly 
switching between step 5 and 6 of the main processing chain. For example, we have chosen a 
backscatter intensity value of -0.8 as our final threshold by looking at the GPRI backscatter 
image (figure 31). From the corresponding histogram, showing only icebergs, we can see that 
our chosen threshold is almost optimal (figure 32). The optimal threshold is slightly lower at   
-0.825. In figure 33, we see the histogram for all sea pixels in the GPRI backscatter image 
separated from the suspected iceberg pixels. As we can see, the manual detection method is 
subjective and it can take up to several iterative adjustments to find the most optimal threshold.     
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Figure 31: Area of interest within corrected GPRI backscatter image in radar geometry with only detected icebergs after 
applying the manual detection method (from 24.04.2018 15:50:01). 
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Figure 32: Histogram showing iceberg pixel count over backscatter intensity values within the area of interest (from 
24.04.2018 15:50:01). 
 
 
Figure 33: Histogram showing background pixel count over backscatter intensity values within the area of interest (from 
24.04.2018 15:50:01). 
 
The automated detection method is used for a large stack of GPRI backscatter images, because 
we can set the threshold to a certain value to account for the whole GPRI dataset. The 
automated detection method is the result of experience working with different kind of GPRI 
backscatter images. For example, GPRI backscatter images might have strong noisy 
interference due to swell, or the GPRI backscatter images receives clear and strong backscatter 
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intensities from potential iceberg targets. Either way, the automated detection method accounts 
for all situations. In general, since most of the potential iceberg pixels have high backscatter 
intensity values in comparison to the sea background, we can predict that the 99.88th percentile 
contains most of the iceberg pixels. On the one hand, the 99.88th percentile accounts for the 
highest backscatter intensity values in the image which leaves us with the big icebergs. On the 
other hand, it accounts for noisy images that might occur by leaving out most noise. However, 
it will not include all possible icebergs in the image. For our example GPRI backscatter image 
from the 24th of April 2018 at 15:50:01, our threshold value at the 99.88th percentile is -0.7927. 
The backscatter intensity value for the threshold is almost equal to our manually set backscatter 
intensity value of -0.8. However, from the empirical point of view, the threshold at the 99.88th 
percentile does not account for GPRI backscatter images with strong interferences.  
For step 6 in the main processing chain, we come to the conclusion that we have to increase 
the threshold to the 99.93th percentile of the backscatter intensity values. This makes sure that 
less false alarms appear in noisy GPRI backscatter images. Figure 34 shows the result of the 
new threshold and in contrast to the manual detection method, there is a fewer number of 
potential iceberg targets. 
Finally, step 7 involves georeferencing the processed GPRI backscatter images. The 
georeferenced GPRI backscatter images can be found in the next chapter.      
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Figure 34: Area of interest within corrected GPRI backscatter image in radar geometry with only detected icebergs after 
applying the automated detection method (from 24.04.2018 15:50:01). 
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4 Results 
 
4.1 Results of the detection 
 
After following the 7 steps of the main processing chain, we can analyze the results of the 
detection methods. Figure 35 shows the georeferenced result of our example GPRI backscatter 
image from the previous chapter. We added a Sentinel-1 dual-polarized image to the 
georeferenced result to resemble Kongsfjorden. We zoom in to have a closer look at the 
detected targets in our area of interest (figure 36). In addition, we can remove the Sentinel-1 
image in the background (figure 37). Figure 35 to 37 are showing the results of the manual 
detection method. 
 
Figure 35: Georeferenced GPRI backscatter intensity image (manual detection method) on top of a Sentinel-1 image (from 
24.04.2018 15:50:01). 
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Figure 36: Georeferenced GPRI backscatter intensity image (manual detection method) on top of a Sentinel-1 image at the 
area of interest (from 24.04.2018 15:50:01). 
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Figure 37: Georeferenced GPRI backscatter intensity image (manual detection method) at the area of interest (from 
24.04.2018 15:50:01). 
 
In step 8, after the main processing chain, we can extract all parameters we are interested in. 
We are focusing on the parameters position, count and size in every processed GPRI 
backscatter image. The position is related to the GPRI backscatter image radar geometry and 
not to the georeferenced results. The principle of merging pixels to icebergs is based on direct 
neighborhood of the pixels (see appendix). First, let us have a look at the extracted parameters 
from the manual detection method (figure 38). The detection algorithm counted 66 pixels that 
resemble 44 icebergs in total. On average, most icebergs have the size of 1 or 2 pixels. In 
contrast, the automated detection method has just 38 pixels that form 33 icebergs (figure 39). 
The pixel distribution is so sparse that most icebergs have the size of one pixel.  
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Figure 38: Iceberg parameters from the area of interest of the manually processed GPRI backscatter image (from 
24.04.2018 15:50:01). 
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Figure 39: Iceberg parameters from the area of interest of the automated processed GPRI backscatter image (from 
24.04.2018 15:50:01). 
 
4.2 Validation with Auxiliary Data 
 
We present our findings in three example validations. 
 
The first example is the georeferenced GPRI backscatter image taken on the 19th of April 2018 
at 15:30:01. The auxiliary data which is used for validation is coming from a Radarsat-2 image. 
The satellite SAR sensor of Radarsat-2 acquired its image 37 seconds after the GPRI did. The 
overall result is presented in figure 40. If we zoom further into the scene, we can see detected 
iceberg within the area of interest (figure 41). The current GPRI backscatter image was 
processed with the manual detection method. In order to make a better comparison between 
manual and automated detection method, we take a smaller investigation area (orange box). 
Both, automated and manual detection method are presented in figures 42 and 43 respectively. 
In order to distinguish from the Radarsat-2 image in the background, the color of the detected 
icebergs was changed to light blue. 
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Figure 40: Processed GPRI backscatter image and Radarsat-2 image in the background (from 19.04.2018 15:30:01). 
 
 
Figure 41: Focus on area of interest of the processed GPRI backscatter image (from 19.04.2018 15:30:01). 
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Figure 42: Automated detection method (from 19.04.2018 15:30:01). 
 
 
Figure 43: Manual detection method (from 19.04.2018 15:30:01). 
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We can observe that the manual detection method has more potential iceberg targets in the 
georeferenced GPRI backscatter image than for the automated detection method. The most 
important iceberg parameters are presented in table 3. The result of the manual detection 
method is more reasonable by comparing it with the Radarsat-2 image taken at 15:30:38.  
 
Table 3: Iceberg parameter comparison (from 19.04.2018 15:30:01). 
Parameters Automated detection Manual detection 
Pixel count 38 479 
Iceberg count 33 74 
Largest iceberg size 3 pixels 176 pixels 
 
In figure 44, we polygonise our raster data to vector data, which makes it possible to compare 
both detection methods with the auxiliary data from Radarsat-2. The numerous yellow 
polygons are potential iceberg targets detected with the manual detection method. In contrast, 
the results from the automated detection are represented as blue polygons. We can calculate 
the centroid data from the vectorized dataset (figure 45). 
In general, the Radarsat-2 image shows more detected icebergs than the georeferenced GPRI 
backscatter image which was processed with the manual detection method. Some of the 
detected icebergs in the georeferenced GPRI backscatter image are slightly shifted in position 
from the icebergs detected by Radarsat-2. These minor position changes are probably caused 
by the time delay of 37 seconds between both acquisitions.  
The Radarsat-2 image shows more potential iceberg targets than the georeferenced GPRI 
backscatter image. That is because the GPRI antenna has a worse spatial resolution in azimuth. 
At more than 3 km distance, the GPRI has an azimuth resolution of 21 m. In comparison, 
Radarsat-2 acquired the validation image with a spatial resolution of 11x9 m, which makes it 
easier to detect more potential icebergs.  
We cannot be certain from the georeferenced GPRI backscatter image that we did not detect 
false positive pixels, but the majority of the manually detected iceberg pixels were validated 
by the Radarsat-2 image (figure 44).     
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Figure 44: Comparison of both detection methods with vectorized data (from 19.04.2018 15:30:01). 
 
 
Figure 45: Centroid positions of manual (red dots) and automated (orange dots) detection method (from 19.04.2018 
15:30:01). 
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In the second validation example, we have a look at the UAV imagery. The RGB camera FLIR 
PtGrey Chameleon 2 has acquired an image on the 24th of April 2018 at 15:50 (figure 46). The 
position of the UAV at that time was at Latitude 78.937395 deg and Longitude 12.035352 deg. 
The georeferenced GPRI image was taken from the same day at 15:50:01 and the manual 
detection method was applied to it beforehand (figure 47). The Sentinel-1A image in the 
background is an IWS product which was acquired on the 24th of April at 15:45:35. The 
Sentinel-1A resolution is too poor for a validation, but the UAV coordinates where of use to 
validate the position of the four detected pixels in figure 48. 
 
 
Figure 46: Icebergs detected by the FLIR PtGrey Chameleon 2 mounted on the UAV (from 24.04.2018 15:50).  
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Figure 47: Georeferenced GPRI backscatter image (manual detection method) and Sentinel-1A image (HH polarization) in 
the background (from 24.04.2018 15:50:01). 
 
 
Figure 48: Focus on the location where the UAV has been at the same time (from 24.04.2018 15:50:01). 
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The third example takes the NPI boat tracks into account. We know that NPI circumnavigated 
two icebergs within our area of interest on the 19th of April 2018 at 12:12:00 UTC (iceberg 1) 
and at 12:14:00 UTC (iceberg 2) (figure 49 and 50). The circumnavigated icebergs were 
detected by the georeferenced GPRI backscatter image (figure 51). The GPRI backscatter 
image was taken on the same day at 12:15:01 and the manual detection method was applied to 
it. Although the iceberg pixel positions are slightly shifted in the georeferenced GPRI image, 
we can assume that iceberg 1 and iceberg 2 were the icebergs that NPI circumnavigated (figure 
52).  
 
 
Figure 49: First circumnavigated iceberg 1 (from 19.04.2018 12:12:00). 
 
 
Figure 50: Second circumnavigated iceberg 2 (from 19.04.2018 12:14:00). 
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Figure 51: NPI boat track (red dotted line) with georeferenced GPRI backscatter image (manual detection method) (from 
19.04.2018 12:15:01). 
 
 
Figure 52: Focus on icebergs 1 and 2 including time of circumnavigation by the NPI boat (from 19.04.2018 12:15:01). 
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5 Discussion 
 
At the beginning of this thesis, we formulated four essential research questions that are 
associated with my objectives.   
 
1. Is it possible to identify icebergs in Kongsfjorden based on the backscatter intensity of the 
GPRI images? 
 
It is definitely possible to detect icebergs based on GPRI backscatter images. The three 
examples in the previous chapter are showing that the GPRI is capable of detecting icebergs 
within the extent of our area of interest between Ny-Ålesund and Blomstrandhalvøya. In order 
to make a safe assumption about the GPRI’s detection capabilities, we would have to 
investigate more examples. We could have collected more auxiliary datasets in addition to 
satellite SAR data, UAV images and boat track information. One option could be freely 
available passive Earth Observation imagery provided by ESA’s Copernicus Programme.   
 
2. Which threshold technique is the most adapted to the detection of icebergs based on GPRI 
images?  
 
The best results can be obtained by applying the manual detection method. With the manual 
detection method, we can adjust the threshold until the most optimal threshold is assured. 
Unfortunately, the manual detection method has its flaws. The problem is that the relation 
between icebergs and background can vary from an image to another. For example, we could 
spend a long time analyzing six months of GPRI backscatter images taken every 15 min, 
because we have to set and adjust separately the threshold for each image. The manual detection 
method is clearly not feasible when it comes to big datasets.  
 
The automated detection method has the disadvantage that it cannot detect as many icebergs as 
possible. The automated detection method at its current state is very basic and is based on 
empirical findings. For the next step, we could improve the automated detection method by 
applying single-feature-based detection algorithm. We are talking about a target detection 
method that has already been used in satellite SAR images. The idea is to code an algorithm in 
Python that allows us to utilize a sliding window based on a constant false alarm rate (CFAR) 
(figure 53). In the GPRI imagery case, the pixels under test (PUT) window should be one pixel 
small in order to detect even the smallest possible icebergs. The guard cells make sure that the 
pixels neighboring the PUT are not taken into consideration when comparing the PUT with the 
boundary ring window. The sliding window runs through the GPRI backscatter intensity 
images and is based on one- or multiple-parameter CFAR. For example, the sliding window 
ensures that we detect icebergs instead of noise by comparing the PUT with the boundary ring 
window. The automated detection algorithm can distinguish between an iceberg pixel and a 
large area of noise. Therefore, it is important to choose the correct sizing for the guard cells 
and the boundary ring window around the PUT. The guard cells window should have the size 
of the largest iceberg we could possibly detect in Kongsfjorden. The boundary ring window 
size should be chosen accordingly to the local sea clutter [23].  
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Figure 53: Sliding window for target detection. 
 
3. Compared to complementary remote sensing and in-situ data, can we evaluate the quality of 
the results and identify false positives/negatives? 
 
As already established and supported by complementary remote sensing and in-situ data, it is 
possible to detect icebergs in GPRI backscatter images. After conducting more validations with 
various auxiliary remote sensing data, we can make a final conclusion on how good the GPRI 
identifies icebergs in Kongsfjorden. In general, the detection performance is very high based 
on our validations with auxiliary data.  
 
We could not find false positives in the georeferenced GPRI images from our examples in the 
thesis work. Probably, because of the effective manual detection method, we could avoid a lot 
of false positive detections. Furthermore, there were no false positive detections in the 
automated detection method. There is still a need to conduct research on the false positive rate 
in GPRI backscatter images.  
 
4. What information, for example count, size or shape of icebergs, can we gain from the GPRI 
images?  
 
We could successfully implement an algorithm that displays the basic information we can get 
about detected icebergs from the GPRI backscatter images. The basic parameters are position, 
count and size of the detected icebergs. The position of each iceberg represents its average x- 
and y-position in radar geometry after merging all neighboring pixels to one iceberg. The 
number of detected iceberg pixels in a GPRI backscatter image is represented by the parameter 
count. The size parameter simply equals the number of pixels each iceberg possesses. 
Implementing the iceberg parameter shape could not been implemented due to the limited time 
frame and complexity. Describing the shape of an iceberg in a GPRI backscatter image is 
depending on the backscatter intensity values of every single pixel belonging to an iceberg. 
From the backscatter intensity of a pixel, we can conclude the rough shape, for example high 
backscatter intensity most likely results in a large iceberg structure. Unfortunately, due to the 
randomness of iceberg structures and the resulting backscatter intensity, analyzing the 
parameter shape is hard to approach.   
  
The next steps should be to implement a better positioning for icebergs in georeferenced GPRI 
images. In order to calculate the average position of one iceberg, evaluating the number and 
individual positions of all neighboring pixels belonging to this iceberg is necessary. The 
algorithm for the iceberg parameters, including the iceberg count, can be used in georeferenced 
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GPRI imagery. When using the algorithm of the thesis work for georeferenced GPRI images, 
it is necessary to change a few lines of code, for example for the input data we need 
georeferenced GPRI images instead of .slc products. An algorithm for iceberg positions in 
georeferenced GPRI images is beneficial for making more accurate validations with 
complementary remote sensing data, for example we could easily compare UAV images with 
icebergs. Knowing the position of both UAV and icebergs would enhance the validation 
process. 
 
In addition to the iceberg parameters, we could implement an iceberg tracking algorithm based 
on every single iceberg’s position. J. Olofsson has been developing a tracking system for drift 
ice based on satellite remote sensing data. J. Olofsson’s is of particular use for iceberg tracking 
with GPRI backscatter imagery. The temporal resolution of 5 and 15 min of the GPRI data is a 
great benefit for developing the iceberg tracking algorithm, because the Multiple Hypothesis 
Tracking (MHT) would work more efficient. Basically, MHT includes the tracing of single 
targets in a cluster of data. It means that all new measurements are associated with either (1) 
the same target, (2) a completely new target or (3) simply an error. That means we compare 
every GPRI backscatter image with its following GPRI image and analyze how the iceberg 
positions change. The iceberg tracking system can give valuable insights into the currents in 
Kongsfjorden. But even without the tracking system, we can make conclusions on how much 
ice is floating in Kongsfjorden or calved from the tidewater glaciers. At the current state, we 
cannot give valuable information about the ice mass balance in Kongsfjorden [24].  
 
In this thesis work, we just have been investigating the GPRI’s detection capabilities at up to 
4.1 km distance. We have to keep in mind that the GPRI’s spatial resolution in azimuth 
direction is decreasing linearly with increasing distance. Which means that our validations 
might not be relevant anymore when we investigate beyond our area of interest. The worse 
performance in far range can influence the quality or even possibility of detecting icebergs in 
Kongsfjorden. However, a valuable future prospect would be to investigate the entire GPRI 
backscatter image instead of focusing on a small area of interest. One challenge would be to 
account for all the lagoons and coastal lines of Kongsfjorden, for example by masking them 
out in the GPRI backscatter images. The detrending processing has already been established 
successfully in this thesis work, which means that the linearly decreasing spatial resolution in 
azimuth direction will be the main concern in future works when it comes to investigations in 
the far range. 
 
 
6 Conclusions 
 
The GPRI is capable of detecting icebergs, but before analyzing the georeferenced GPRI 
images, we had to process the GPRI backscatter images. Detrending the entire used GPRI 
backscatter imagery is a necessity to account for the variation in backscatter intensity in range 
direction. After the detrending has eliminated the noise floor in range direction, we can proceed 
by choosing an area of interest in the GPRI backscatter image. Hereby, we avoid having 
lagoons and coastal lines within our area of interest. With no interfering structures, we can 
separate all icebergs in our area of interest from the surrounding sea. We are doing this by 
choosing one of two methods to set a threshold: the manual and automated detection method. 
The manual method proves to be the most effective one in setting the optimal threshold for 
distinguishing between icebergs and sea, but it is very inefficient to handle big amounts of data. 
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With further improvements, the automated detection method would become more effective 
than the manual detection method and it would not rely on empirical assumptions. After setting 
the most optimal threshold supported by histograms, we can collect the most important iceberg 
parameters, namely position, count and size. The georeferenced GPRI images got validated 
with complementary remote sensing data to investigate the GPRI’s iceberg detection results. 
We had satellite SAR, UAV imagery and boat tracks to our disposal to make meaningful 
validations. Further, we can conclude that GPRI backscatter images have the potential of 
detecting icebergs and growlers at up to 4.1 km distance. The automated detection method and 
the iceberg parameter algorithm have the potential for improvements, which can be addressed 
in future projects. In addition, more validation examples should be conducted in order to make 
an adequate statement about the GPRI’s iceberg detection performance. Nevertheless, our 
findings are promising and reveal the great potential of iceberg detection using the GPRI 
instrument. All in all, this thesis work laid the foundation for future iceberg detection research 
with the GPRI system in particular, but also ground-based radars in general.  
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Appendix 
 
Iceberg detection code (from the file iceberg_detection.py): 
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